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Abstract 
 
  The purpose of this research was to provide insight into the effect of physical 
attractiveness on social network location and performance in a military environment.  
This study sought to prove five hypotheses, which were introduced through a 
comprehensive literature review, regarding the many interactions between physical 
attractiveness, social network location, and objective and subjective performance ratings.  
Specifically, a mediation and moderation model were proposed to capture the 
relationships between the three variables.  For mediation, a causal relationship was found 
from physical attractiveness to centrality to performance.  In other words, physical 
attractiveness influences centrality, which in turn influences performance.  Moderation 
results suggest that physically attractiveness influences the relationship between social 
network centrality and both objective and subjective performance.  In other words, 
physical attractiveness appears to hinder the relationship between centrality and 
performance such that more attractive individuals with high centrality perform worse 
than less attractive individuals of similar centrality.  
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PHYSICAL ATTRACTIVESS, SOCIAL NETWORK LOCATION, AND 
PERFORMANCE IN THE MILITARY 
 
I. Introduction 
Recently, researchers have investigated the extent to which individual differences 
serve as meaningful antecedents of social network location.  This work has linked 
dispositional variables, such as self monitoring and locus of control (e.g. Mehra, Kilduff, 
& Brass, 2001; Moore, 2006), as well as demographic variables, such as gender (Combs, 
2003; Ibarra, 1992; Mulford, Orbell, Shatto, & Stockard, 1998), race (Combs, 2003), and 
education (Ibarra, 1992), to network location.  Generally, these findings have indicated 
that individual differences contribute to the location that one attains in a network.  Little 
attention, however, has been paid to the relationship between physical attractiveness and 
network position, although this link has been implied (Mulford et al., 1998).  This lack of 
attention is surprising because network location (e.g. Balkundi & Harrison, 2006; Ibarra, 
1993) and attractiveness (Borgatti, 2006c; Langlois et al., 2000) have both been found to 
be important indicators of organizational outcomes. 
Specifically, an individual’s attractiveness plays a significant role in formal 
organizational outcomes, such as selection, promotion, and pay (Hurley-Hanson & 
Giannantonio, 2006; Tahmincioglu, 2007).  Not only are attractive people seen as more 
competent, but more positive traits are credited to attractive people (Hope & Mindell, 
1994; Horsten & Blevins, 2002; Kanazawa & Kovar, 2004; Langlois et al., 2000; 
Mulford et al., 1998).  It may be possible that network location and physical 
attractiveness work in concert with one another to facilitate these formal organizational 
outcomes.   
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Accordingly, this study investigates how physical attractiveness affects centrality 
within a social network and how this proposed relationship, in turn, influences 
performance.  Specifically, this study will introduce both a mediation and a moderation 
model using two social networks: friendship and task.  To do this, data were collected 
from 406 active duty military members in twenty-eight groups at a leadership 
development program.  This context represents a unique opportunity, where many of the 
potential confounding variables, such as personal dress and grooming, are relatively 
controlled.  From this environment, new insights into the mechanisms behind 
attractiveness, network centrality, and organizational outcomes may be revealed.   
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II. Literature Review 
Introduction 
While early social network analysis focused on the consequences of social 
networks, such as performance, recent analysis has shifted to antecedents, or causes, of 
social networks (Borgatti & Foster, 2003).  This study incorporates both antecedents (i.e., 
physical attractiveness) and consequences (i.e., performance) of social network location.  
This chapter will begin with a discussion on the proposed antecedent, physical 
attractiveness, and its relationship to performance.  The discussion will then move to 
social networks and network centrality after which mediation and moderation models will 
be introduced.   
 
Physical Attractiveness 
Attractiveness and centrality, which is discussed in the following section, have 
been found to be important sources of power (Borgatti, 2006c).  Generally, two types of 
attractiveness are studied by researchers: physical attractiveness (e.g. Umberson & 
Hughes, 1987) and facial attractiveness (e.g. Dickey-Bryant, Lautenschlagar, Mendoza, 
& Abrahams, 1986; Langlois et al., 2000; Mueller & Mazur, 1997; Nash, Fieldman, 
Hussey, Leveque, & Pineau, 2006).  Physical attractiveness encompasses ideas such as 
height and weight (Swami, Greven, & Furnham, 2007; Wiederman & Hurst, 1998; 
Collins & Zebrowitz, 1995), while facial attractiveness is mostly concerned with ideas 
such as symmetry and averageness (Rhodes, 2006).   
 While a formally established definition of attractiveness does not exist due to its 
subjective nature (Umberson & Hughes, 1987), which is consistent with the adage 
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“beauty is in the eye of the beholder,” research has shown that different cultures 
(Kanazawa & Kovar, 2004; Langlois et al., 2000; Rhodes, 2006) and genders (Rhodes, 
2006) agree on what is and is not attractive (as cited in Umberson & Hughes, 1987).  
Some standards of beauty appear to be innate (Kanazawa & Kovar, 2004), triggering 
favorable responses when one interacts with those that are attractive.  In experiments 
conducted on infants as young as two months, for instance, babies tended to look at more 
attractive faces longer and were more social with attractive strangers (Langlois et al., 
1987).  However, socially accepted norms appear to date back to ones childhood 
(Langlois et al., 2000).  According to Langlois et al., (2000), more attractive children are 
judged more favorably and treated better, which suggests differences in traits and 
behaviors of attractive and unattractive individuals.  These differences in treatment stem 
from stereotypes and social norms, which are carried into adulthood (Langlois et al., 
2000). 
Most of the research on attractiveness has focused on mate selection or sexual 
experience (e.g. Badgett & Folbre, 2003; Langlois et al., 2000; Rhodes, 2006; 
Wiederman & Hurst, 1998).  Research has shown that individuals attribute positive 
qualities to attractive people, such as better physical health (Langlois et al., 2000) and 
greater ability and success (Umberson & Hughes, 1987).  Additionally, attractiveness has 
been studied in organizational contexts (e.g. Badgett & Folbre, 2003; Dickey-Bryant et 
al., 1986; Drogosz & Levy, 1996) where it has been associated with high occupational 
competence (Dickey-Bryant et al., 1986; Langlois et al., 2000), better jobs, higher 
promotion rates, and more compensation (Hurley-Hanson & Giannantonio, 2006; Nash et 
al., 2006).  If physical attractiveness can influence some subjective outcomes in an 
4 
  
organization, then physical attractiveness is likely to influence subjective measures in a 
leadership development course setting.   
 
 Hypothesis 1a.  Controlling for gender, physical attractiveness is 
positively related to subjective performance ratings.  
 
 
 
 While one would not expect physical attractiveness to influence objective 
outcomes, such as performance on a cognitive multiple choice test, some research has 
indicated that individuals who are physically attractive are also more intelligent than 
unattractive people (e.g. Kanazawa & Kovar, 2004).  Foremost, intelligence is another 
positive characteristic attributed to more physically attractive people (Davis, Claridge, & 
Fox, 1999; “Hiring practices,” 2007).  This attribution can be traced back to one’s 
childhood, where parents and other adults have been shown to spend extra time with 
more attractive children and treat them better (Langlois et al., 2000).  In a meta-analysis 
compiled by Langlois et al., (2000), this special treatment was correlated with higher 
academic and developmental competence.  Additionally, Kanazawa and Kovar (2004) 
investigated the proposed idea based on four empirically supported hypotheses that 
suggest that more intelligent men are likely to attract more attractive women, and their 
subsequent mating is likely to result in offspring that inherit the traits of both intelligence 
and beauty.  Considering this, it is likely that a natural selection process may 
systematically influence offspring such that more attractive individuals also possess 
greater intelligence.  Applying this concept to this study, attractive individuals should 
perform better than less attractive individuals on objective tests in a leadership 
development course.   
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Hypothesis 1b.  Controlling for gender, physical attractiveness is related 
to objective performance ratings. 
 
 
Introduction to Social Networks 
Since the conceptualization of social networks by sociologist Jacob Moreno in the 
1930s (Mehra, Smith, Dixon, & Robertson, 2006; Wasserman & Faust, 1994), the 
concept has been used in a variety of applications, including: tracking the spread of AIDS 
(Borgatti, 1995), following trade and communication along Russian rivers (Pitts, 1979), 
disrupting terrorist networks (Borgatti, 2006d), and placing Southern socialites at events 
based on historical data (Borgatti, 2006b).  More practically for organizational 
researchers, social networks have been used to predict economic and team performance 
(e.g. Balkundi & Harrison, 2006; Uzzi, 1996; Mehra et al., 2006), examine the 
importance of leadership and its effectiveness (e.g. Balkundi & Kilduff, 2005; Brass & 
Burkhardt, 1992; Hanneman & Riddle, 2005), and better understand knowledge 
management (e.g. Borgatti & Foster, 2003; March, 1991). 
 A social network consists of a set of actors and the ties representing some 
relationship among these actors (Wasserman & Faust, 1994).  Within an organizational 
context, these networks emerge from within formally established hierarchical structures 
as employees interact socially (Balkundi & Kilduff, 2005).  Researchers suggest that 
these networks emerge because human beings are naturally social where they seek 
friendships (Kilduff & Tsai, 2003; Mehra, Kilduff, & Brass, 1998).  In addition to basic 
human nature, a meta-analysis conducted by Brass et al., (2004) identified many other 
antecedents to social networks, including actor similarity, personality, organizational 
structure, and proximity. 
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 While recent research has been devoted to antecedents of social networks, more 
studies concern consequences of these networks (Borgatti & Foster, 2003; Brass, 
Galaskiewicz, Greve, & Tsai, 2004).  Due to their membership in these networks, 
individuals gain such benefits as higher job satisfaction and lower turnover; greater 
power and influence; better job opportunities, such as recruitment, pay, and promotion; 
and greater individual, group, and organizational performance (Brass et al., 2004). 
 This study will include two types of social networks: friendship and task.  
Friendship networks, also referred to as expressive networks (e.g. Ibarra & Andrews, 
1993), are used by members for social support (Baldwin, Bedell, & Johnson, 1997).  
Consequently, these ties are strong and often used (as cited in Ibarra & Andrews, 1993).  
Task networks, also called advice networks (e.g. Sparrowe, Liden, & Kraimer, 2001) and 
instrumental networks (e.g. Ibarra & Andrews, 1993), emerge from resource and 
information sharing that are used to accomplish work related to one’s job (Baldwin, 
Bedell, & Johnson, 1997; Sparrowe et al, 2001).  As such, these ties are weaker than 
friendship ties (as cited in Ibarra & Andrews, 1993). 
 
Centrality 
Centrality indicates how actors are strategically located within a network 
(Wasserman & Faust, 1994).  Central members have more access to and control over 
unique resources (Ibarra, 1993) and information (Brass & Krackhardt, 1999), and, thus, 
will have the most ties, power, and influence (Brass & Burkhardt, 1992; Hanneman & 
Riddle, 2005; Wasserman & Faust, 1994).  Because of this, centrality is one of the most 
widely used tools used in social network analysis (Borgatti, Carley, & Krackhardt, 2006; 
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Everett & Borgatti, 1999).  The four most common centrality measures are: degree 
centrality, eigenvector centrality, closeness centrality, and betweenness centrality 
(Borgatti et al., 2006).   
 
Degree Centrality 
One’s network centrality has been operationalized several different ways.  Degree 
centrality is a measure of the number of ties associated with an actor (Wasserman & 
Faust, 1994).  Out-degree centrality, which shows the number of outgoing ties from an 
actor, reveals influential actors (Hanneman & Riddle, 2005).  An outgoing tie is 
characterized by the number of relationships that one member of a network perceives 
with other members of the network.  For example, if Sam indicates he is friends with 
seven members of the network and the values are dichotomous (i.e., a relationship exists 
or does not exist), Sam would have an out-degree centrality of seven.  
In-degree centrality, which shows the number of incoming ties to an actor, is 
associated with prominence, prestige, and popularity (Hanneman & Riddle, 2005).  
According to Hanneman and Riddle (2005), these advantages are made available because 
an actor with many ties has more individuals with whom to associate.  An incoming tie is 
characterized by the relationships that other members of a network associate with one 
member.  For example, if five members of a network indicate they are friends with Sam 
and the values are dichotomous, Sam would have an in-degree centrality of five.  Again, 
since popularity has been shown to be related to physical attractiveness, in-degree 
centrality is an appropriate selection to measure degree centrality in this study.  
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Degree centrality is the most common type of centrality and is associated with 
popularity (Balkundi & Kilduff, 2005; Borgatti, 2006a).  Research has linked popularity 
to more physically attractive individuals (e.g. Hosoda, Stone-Romero, & Coats, 2003).  
Additionally, in a study conducted by Costenbader and Valente (2003), in-degree 
centrality measures for incomplete networks (i.e. when response rates are not 100%) were 
more highly correlated with the actual social network (i.e. 100% response rate) than other 
centrality measures.  Thus, degree centrality is an appropriate measure of centrality for 
this study.   
 
 
Eigenvector Centrality 
An actor will have high eigenvector centrality if he or she is connected to other 
nodes that are central (Wasserman & Faust, 1994).  For example, if Ben is the most in-
degree central member of a task network, and Jason is best friends with Ben, then Jason 
will have a high eigenvector centrality.  Eigenvector centrality is most commonly used to 
examine the spread of diseases, such as AIDS (Borgatti, 1995; Borgatti, 2005).  In this 
context, a person who is connected to other nodes who have many sex partners will have 
a higher chance of contracting the disease.  
While eigenvector centrality has been most popularly used to track the spread of 
diseases, such as AIDS (Borgatti, 1995), it could also be used in the context of an 
educational environment.  For example, in a network where information sharing occurs, 
such as an academic environment, being connected to central others increases ones 
wealth of knowledge, thus making him or her more central (Bonacich & Lloyd, 2004). 
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Unlike other centrality measures, eigenvector centrality is able to depict 
interactions throughout the entire network (Bonacich, 2007; Costenbader & Valente, 
2003).  In two distinct articles, Bonacich explains that one’s popularity is influenced by 
relationships to other popular members (Bonacich, 2007; Bonacich & Lloyd, 2004).  
Once again, because popularity is associated with more attractive individuals, eigenvector 
centrality is a logical measure of centrality for this study.  Consequently, this study will 
focus on degree centrality and eigenvector centrality. 
 
Antecedents to Centrality 
While previous centrality research has attributed the powerful position to such 
attributes as prestige (Ibarra, 1993; Wasserman & Faust, 1994), tenure (Ibarra, 1993), and 
education (Ibarra, 1992), physical attractiveness might also influence this position.  
Moreover, R.S. Burt discovered that attractiveness is used to advance in organizations (as 
cited in Brass, Galaskiewicz, Greve, and Tsai, 2004). 
So, why would more attractive individuals be more central within a social 
network?  The definition of the word is a logical place to begin ones’ argument.  The 
American Heritage Dictionary (2008) defines attractive as either “having the power to 
attract” or “pleasing to the eye or mind; charming.”  Therefore, from the very definition, 
the word implies drawing something near or causing it to approach.   
While this relationship between attractiveness and social network position has 
been implied (e.g. Mulford et al., 1998), it has not been directly studied.  Mulford et al. 
(2004) discovered that more attractive people have more opportunities for social 
interactions, have greater social influence, and are more likely to get other individuals to 
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cooperate with them because of the positive attributes that are attributed to them.  These 
biases and stereotypes are fueled by the premium that the media places on attractiveness 
(Kanazawa & Kovar, 2004).  In fact, Singh (2004) says that not only do others treat 
attractive people more favorably, but the attractive individuals actually adopt many of the 
characteristics that are attributed to them, which describes a self-fulfilling prophesy.  
Perhaps others are attracted to physically attractive individuals in hopes that they will 
have access to their unique resources, such as social connections, or other positive 
characteristics. 
 
Hypothesis 2a.  Controlling for gender, physical attractiveness is positively 
related to centrality in a friendship network. 
 
 
Hypothesis 2b.  Controlling for gender, physical attractiveness is positively 
related to centrality in a task network. 
 
Consequences of Centrality  
As previously mentioned, members who hold central positions within networks 
tend to have more power and influence over other members and the network as a whole 
due to their interconnectedness (Brass & Burkhardt, 1992).  These members have more 
access to and control over unique resources (Ibarra, 1993), such as information (Brass et 
al., 2004; Brass & Krackhardt, 1999).  The rationale is that an individual who maintains 
relationships with others who possess different information sets will have this additional 
information available to him to her.  A similar result can be expected among students in 
an academic setting.   
Many studies have linked centrality and individual performance (Brass et al., 
2004).  In fact, a study conducted by Sparrowe, Liden, and Kraimer (2001) showed that a 
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supervisors’ performance rating (i.e. subjective performance rating) was positively 
related to centrality.  Therefore, similar results should be expected among military 
students in a leadership development course setting.  
 
Hypothesis 3a.  Social network centrality is positively related to objective 
individual performance ratings. 
 
 
Hypothesis 3b.  Social network centrality is positively related to subjective 
individual performance ratings. 
 
Mediation Model 
Considering previous discussion of the relationship between physical 
attractiveness and centrality, as well as physical attractiveness and both objective and 
subjective performance ratings, the potential for a mediating mechanism exists.  
Therefore, it is important to better understand and distinguish the direct and indirect 
effects between the constructs.  Complete mediation would indicate that any effect of 
physical attractiveness on performance is due to the individual’s position in the social 
network.  The first set of hypotheses below includes objective performance as the 
dependent variable. 
 
Hypothesis 4a.  Network centrality in friendship networks mediates the 
relationship between physical attractiveness and objective performance ratings. 
 
 
Hypothesis 4b.  Network centrality in task networks mediates the relationship 
between physical attractiveness and objective performance ratings. 
 
 
The next set of hypotheses uses subjective performance as the dependent variable. 
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Hypothesis 4c.  Network centrality in friendship networks mediates the 
relationship between physical attractiveness and subjective performance ratings. 
 
 
Hypothesis 4d.  Network centrality in task networks mediates the relationship 
between physical attractiveness and subjective performance ratings. 
 
 
Figure 1 below summarizes the models used to test Hypotheses 1 through 4.   
    
  
Centrality 
   - Friendship Degree 
   - Friendship Eigenvector 
   - Task Degree 
   - Task Eigenvector 
Performance 
   - Objective 
      - Academic Test 
Model = H4 
   - Subjective 
      - Instructor Ratings 
      - Peer Ratings 
H2 
H3 
H1 
Physical 
Attractiveness 
Figure 1 . Mediation model of the relationship between Physical Attractiveness, 
Centrality, and Performance 
 
Moderation Model 
Considering previous discussion of the relationship between physical 
attractiveness and centrality, as well as physical attractiveness and both objective and 
subjective performance ratings, the potential for a moderation mechanism exists.  The 
moderation model suggests that both physical attractiveness and social network position 
are necessary for an individual to achieve better objective and subjective performance 
ratings.  In other words, only the most physically attractive individuals may be able to 
take advantage of the benefits garnered from central social network positions.   
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Figure 2 below, which summarizes the model used to test Hypothesis 5, proposes 
that the relationship between social network location and performance may differ based 
on an individual’s physical attractiveness.  For example, centrality may more favorably 
affect performance ratings for individuals who are physically attractive compared to 
those who are not as attractive.  According to Hosoda, Stone-Romero, and Coats (2003), 
many factors have been shown to moderate the relationship between physical 
attractiveness and occupational outcomes. As such, centrality could be one factor 
involved in the moderating relationship.   
 
              
Centrality 
   - Friendship Degree 
   - Friendship Eigenvector 
   - Task Degree 
   - Task Eigenvector 
H5
Physical 
Attractiveness 
Performance 
   - Objective 
      - Academic Test 
   - Subjective 
      - Instructor Ratings 
      - Peer Ratings 
 
Figure 2. Moderation model of the relationship between Physical Attractiveness, 
Centrality, and Performance 
 
The first set of hypotheses below includes objective performance as the dependent 
variable. 
 
Hypothesis 5a.  Physical attractiveness moderates the relationship between 
network centrality in friendship networks and objective performance ratings. 
 
 
Hypothesis 5b.  Physical attractiveness moderates the relationship between 
network centrality in task networks and objective performance ratings. 
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The next set of hypotheses uses subjective performance as the dependent variable. 
 
 
Hypothesis 5c.  Physical attractiveness moderates the relationship between 
network centrality in friendship networks and subjective performance ratings. 
 
 
Hypothesis 5d.  Physical attractiveness moderates the relationship between 
network centrality in task networks and subjective performance ratings. 
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III. Method 
Participants 
 A group of 440 senior enlisted active duty military members attending a 7-week 
leadership development course were invited to participate with only 406 participating.  
The purpose of the course was to prepare these members for more advanced leadership 
positions.  Ages ranged from 32 to 55 years, with an average age of 40.  Of the 406 
students, 79.3% were male, 8.3% were female, and 12.4% did not respond.  Ethnically, 
the students were 68.4% Caucasian, 15.0% African American, 1.8% Asian, 7.1% other, 
and 7.7% did not respond.  All participants had a high school diploma; 17.5% had some 
college; 48.9% had associate’s degrees; 18.6% had bachelor’s degrees; 7.0% had a 
master’s degree; and 8.0% did not respond.  These statistics closely align with 2007 U.S. 
Air Force service demographics for enlisted members (AFPC Release, 2007).  A majority 
of the students (79%) were members of the U.S. Air Force; 13% were members of other 
military components, such as the National Guard, U.S. Army, U.S. Navy, U.S. Coast 
Guard, and foreign services; and 8% did not respond.  
 These 406 personnel were systematically assigned to one of 28 groups of 12 to 16 
members each.  The group assignment process attempts to make all groups as 
homogeneous as possible across the standard demographic variables as well as 
occupations.   
 Voluntary surveys were administered to each of the 28 groups throughout their 7-
week course.  The final sample used in the analysis was reduced to 247 personnel in 25 
groups due to non-response on the physical attractiveness measure (see Results and 
Analysis below). 
16 
  
Procedure 
 Seven surveys in total were administered over a six week period to measure 
changes in social networks over time.  Each week, the respondents were asked questions 
about the friendship and task networks in their specific group.  At week 7, the 
respondents were given a physical attractiveness scale (Goldberg, 2007).  Surveys were 
handed out by the group leader, and, once completed, were placed in a sealed envelop 
and returned to the researcher.  Response rates for the surveys were: 91% for week 1, 
92% for week 2, 97% for week 3, 89% for week 4, 86% for week 5, 79% for week 6, and 
75% for week 7.  For survey data, these response rates were much higher than the 
average 30% (Alreck & Settle, 2004); and a response rate of 80% is considered good 
enough to accurately depict the social network (Sparrowe, Liden, & Kraimer, 2001).   
 
Measures 
Physical Attractiveness 
 Physical attractiveness was measured with items from the International 
Personality Item Pool developed by Goldberg (Goldberg, 2007).  The scale consisted of 9 
items, where 6 were positively worded and 3 were negatively worded: (1) “Am 
considered attractive by others,” (2) “Attract attention from the opposite sex,” (3) “Have 
a pleasing physique,” (4) “Like to look at my body,” (5) “Like to look at myself in the 
mirror,” (6) “Like to show off my body,” (7) “Don’t consider myself attractive,” (8) 
“Dislike looking at myself in the mirror,” and (9) “Dislike looking at my body.”  
Participants provided responses on a Likert–type scale:  1 = “Strongly Disagree,” 2 = 
“Disagree,” 3 = “Not Sure/Don’t Know,” 4 = “Agree,” and 5 = “Strongly Agree.”  The 
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reliability coefficient (Chronbach’s alpha, α) for this scale is 0.87 (Goldberg, 2007), and 
the reliability within the sample of 247 personnel was 0.873. 
  
Network Centrality 
 As noted, centrality was measured using a group roster survey.  Each week for 7 
weeks, respondents received a survey that asked them to indicate the strength of their 
relationships to other members of their group, including group instructor.  The scale 
consisted of 5 items and measured two types of social networks: friendship and task.  The 
friendship network was measured with two-items: (1) “I spend time in social-oriented 
activities with this person (dining out, movies, sports, etc.),” and (2) “I enjoy hanging out 
with this person.”  Similarly, the task network was measured with two items: (1) “I spent 
time on work-related tasks with this person (projects, studying, etc.),” and (2) “I go to 
this person for work-oriented advice.”  Participants were instructed to provide a response 
from a Likert scale:  1 = “Strongly Disagree,” 2 = “Disagree,” 3 = “Not Sure/Don’t 
Know,” 4 = “Agree,” and 5 = “Strongly Agree.”  The reliability coefficient (Cronbach’s 
alpha, α) was 0.72 for the friendship items and was 0.74 for the task items.   
 Data from the social network instrument for seven time periods was entered into 
UCINet 6 for Windows (Borgatti, Everett, & Freeman, 2002), forming a symmetric 
adjacency matrix.  UCINet software allows a researcher to perform special calculations, 
such as centrality, on social network data.  This software calculates in and out-degree 
centrality by summing the values originating from (outgoing ties) and ending at 
(incoming ties) each individual actor. 
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In order to calculate eigenvector centrality, the data must be symmetric.  The 
symmetry rule chosen by the researcher assigned the larger of Xij and Xji to both values.  
In other words, if person i indicated the strength of the relationship between i and j to be 
a 3, but person j indicated a strength of 5, UCINet kept the value of 5.   
 
Performance 
 Because the goal of the 7-week course was to foster leadership development, 
ratings were obtained to show that learning was occurring.  An academic multiple choice 
test, which covered leadership and management principles taught throughout the 7-week 
course, measured student performance objectively.   
In addition to the objective academic test, instructor and peer points were 
measured subjectively at the end of the 7-week course.  The evaluation criteria for these 
two subjective ratings were: leadership/ followership, teamwork, goal accomplishment, 
and professional conduct on and off duty.  Instructors were told to disperse 45 points 
among the members of their group.  Students could receive 0 to 15 points from the 
instructor in 5 point increments.  A student receiving 15 points was considered a good 
leader, while a student receiving 0 points was not.  In addition to the instructor rating, 
students evaluated the top three performers among the peers in their group.  A first place 
vote received 5 points, second place got 3 points, and third place obtained 1 point.  These 
individual ratings were summed to obtain a final overall student rated score.   
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Analysis 
 Data collected for this study consisted of individuals nested within groups.  In 
addition, weekly social network data were obtained from each individual, resulting in 
repeated measures.  These repeated measures can be considered nested within each 
individual.  Together, these two types of nesting required a multi-level analysis.  
Therefore, hierarchical linear modeling (HLM) (Bryk & Raudenbush, 1992) was 
necessary to test the proposed hypotheses.  HLM allows researchers “to formulate and 
test hypotheses about how variables measured at one level affect relations occurring at 
another” (Bryk & Raudenbush, 1992; 6).  In other words, traditional analysis is not ideal 
since the observations may not be independent (i.e. students in a flight will be more 
similar to each other than students in another flight).  Through HLM, several regression 
equations for the dependent variable are estimated simultaneously. 
 In order to test the five hypotheses, two different multi-level analyses were 
specified: a 2-level model and a 3-level model.  For the 2-level model, the first level of 
analysis for each individual student was: 
 
 Yij = β0j + β1j (Gender) + β2j (PA) + β3j (Cent) + β4j(PA × Cent) + rij      (1) 
 
 
where Yij is the subjective (or objective) performance rating for student i within group j; 
β0j represents the average performance of group j; β1j is the predicted effect of gender on 
performance ratings; β2j is the predicted effect of physical attractiveness (PA) on 
performance ratings; β3j is the predicted effect of centrality (Cent) on performance 
ratings; β4j is the predicted effect of the interaction between physical attractiveness and 
centrality (PA × Cent) on performance ratings; and, rij is the level-1 random error. 
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 At the second level, variables were added to account for group level effects on 
performance. 
  β0j = γ00 + u0j      (2) 
  β1j = γ10 + γ11(Group Size) + γ12(Density) + u1j  (3) 
  β2j = γ20 + γ21(Group Size) + γ22(Density) + u2j (4) 
  β3j = γ30 + γ31(Group Size) + γ32(Density) + u3j (5) 
  β4j = γ40 + γ41(Group Size) + γ42(Density) + u4j (6) 
 
where γ00 is the average performance rating for all groups; γ10  is the predicted effect of 
gender on performance; γ11 is the predicted effect of the cross-level interaction between 
gender and group size on performance; γ12 is the predicted cross-level interaction 
between gender and density on performance; γ20 is the predicted effect of physical 
attractiveness on performance; γ21 is the predicted cross-level interaction between 
physical attractiveness and group size on performance; γ22 is the predicted cross-level 
interaction between physical attractiveness and density on performance; γ30 is the 
predicted effect of centrality on performance; γ31 is the predicted cross-level interaction 
between centrality and group size on performance; γ32 is the predicted cross-level 
interaction between centrality and density on performance; γ40 is the predicted effect of 
the interaction variable on performance; γ41 is the predicted cross-level interaction 
between the interaction variable and group size; γ42 is the predicted cross-level interaction 
between the interaction variable and density; and uxj’s are the level-2 random effects.   
 Other 2-level models used for analysis were simpler variations of this one.  
Additionally, some of the second-level equations differ slightly from ones actually used 
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in HLM because in some cases Group Size and Density were not appropriate predictors of 
Physical Attractiveness and Gender and returned “near singularity” error messages.  It is 
also important to note that Group Size and Density are not important in any of the five 
proposed hypotheses; however, they are included because the social structure in which a 
member is embedded may influence how attractiveness is perceived. 
 A level-3 model was specified to include repeated weekly centralities nested 
within each individual, which were, in turn, nested within a group.  The level-1 model is: 
Yijk = π0jk + eijk  (7) 
 
where Yijk is centrality; π0jk is the mean centrality for students j within groups k; and eijk is 
the level-1 random effect. The second level equation for student effects is as follows: 
 
π0jk = β00k +β01k(Gender) + β02k(PA) + r0jk  (8) 
 
where β00k is the mean centrality over 6 weeks of student j within group k; β01k is the 
predicted effect of gender on student centrality; β02k is the predicted effect of physical 
attractiveness (PA) on student centrality; and r0jk is the level-2 random effect.   
 At the third level, variables were added to account for group level affects on the 
individual students.  Specifically, two variables were added to the model to account for 
level-3 effects that could influence the relationship between student centralities at seven 
different time periods. 
 
β00k = γ000 + γ001(Group Size) + γ002(Density) + u00k  (9) 
  β01k = γ010 + γ011(Group Size) + γ012(Density) + u01k  (10) 
  β02k = γ020 + γ021(Group Size) + γ022(Density) + u02k  (11) 
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where γ000  is the grand mean centrality over all times of all students in all groups; γ001 is 
the predicted effect of group size on centrality; γ002 is the predicted effect of density 
(Dens) on centrality; γ010 is the predicted effect of gender on centrality; γ011 is the 
predicted effect of the cross-level interaction between group size and gender on 
centrality; γ012 is the predicted effect of the cross-level interaction between density and 
gender on centrality; γ020 is the predicted effect of physical attractiveness on centrality; 
γ021 is the predicted effect of the cross-level interaction between group size and physical 
attractiveness on centrality; γ022 is the predicted effect of the cross-level interaction 
between density and physical attractiveness on centrality; and u0jk’s are the 3-level 
random effects.  Again, some of the third-level equations differ slightly from ones 
actually used in HLM because in some cases Group Size and Density were not 
appropriate predictors of Physical Attractiveness and Gender and returned “near 
singularity” error messages.   
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IV. Results and Analysis 
 Due to the large amount of data presented, the descriptive statistics are presented 
in two parts.  Table 1 shows the descriptive statistics for the variables used in both the 2-
level and 3-level HLM models.  The sample sizes of some variables differ from the 
models due to the pairwise deletion of cases caused by missing scores on other variables. 
 Table 2 shows the reliabilities and bivariate correlations among the 2-level HLM 
model variables.  Most centrality measures (Variables 7 through 22) were significantly 
related to each other.  This was expected among friendship and task networks since they 
both are measuring positive interpersonal interactions among groups that are relatively 
confined during the entire program.  Another possible explanation for the high 
correlations is autocorrelation, in which the centrality measures at a given period of time 
are influenced by the measures at the preceding time. 
 Standardized HLM coefficients were calculated by multiplying the raw HLM 
coefficient by the standard deviation of each independent variable and dividing by the 
standard deviation of the dependent variable (Hox, 2002). 
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Table 1. Descriptive Statistics for 2-Level HLM 
 
 Variable N Minimum Maximum Mean Std. 
Deviation 
1 Gender 406 0.00 1.00 0.13 0.34 
2 Pre-test 404 0.00 87.92 57.77 17.36 
3 Post-test 401 64.25 99.03 86.57 5.68 
4 Instructor Points 406 0.00 15.00 3.10 4.82 
5 Peer Points 440 0.00 63.00 8.22 10.71 
6 Physical Attractiveness 248 1.00 5.00 3.22 0.74 
7 Friendship Degree Centrality Time 3 437 5.00 53.50 31.88 7.75 
8 Friendship Eigenvector Centrality 
Time 3 
437 0.03 0.40 0.25 0.05 
9 Task Degree Centrality Time 3 437 3.50 50.50 33.42 6.55 
10 Task Eigenvector Centrality Time 3 437 0.02 0.40 0.25 0.04 
11 Friendship Degree Centrality Time 4 436 8.00 51.50 32.75 8.77 
12 Friendship Eigenvector Centrality 
Time 4 
436 0.07 0.41 0.25 0.05 
13 Task Degree Centrality Time 4 436 11.00 49.00 32.58 7.60 
14 Task Eigenvector Centrality Time 4 436 0.09 0.41 0.25 0.04 
15 Friendship Degree Centrality Time 5 435 1.50 52.50 31.44 10.89 
16 Friendship Eigenvector Centrality 
Time 5 
435 0.01 0.54 0.25 0.06 
17 Task Degree Centrality Time 5 435 2.00 53.00 31.94 10.43 
18 Task Eigenvector Centrality Time 5 435 0.07 0.59 0.25 0.05 
19 Friendship Degree Centrality Time 6 408 1.00 53.00 31.86 10.43 
20 Friendship Eigenvector Centrality 
Time 6 
408 0.01 0.44 0.25 0.06 
21 Task Degree Centrality Time 6 408 1.00 48.50 31.24 10.23 
22 Task Eigenvector Centrality Time 6 408 0.01 0.54 0.25 0.05 
 Table 2. Correlations for 2-Level HLM 
 
 Variables 1 2 3 4 5 6 7 8 9 10 11 
              
1 Gender -           
2 Pre-test -0.02 -          
3 Post-test -0.06 0.06 -         
4 Instructor Points 0.20** 0.01 0.21** -        
5 Peer Points 0.08 0.01 0.25** 0.48** -       
6 Physical Attractiveness 0.04 -0.14* -0.21** -0.09 -0.03 - (0.87)     
7 Friendship Degree Centrality Time 3 -0.02 -0.21** 0.09* 0.03 0.17** -0.02 -     
8 Friendship Eigenvector Centrality Time 3 -0.01 0.08 0.02 0.12** 0.28** 0.08 0.24** -    
9 Task Degree Centrality Time 3 0.02 -0.18** 0.14** 0.08 0.14** -0.14* 0.73** 0.02 -   
10 Task Eigenvector Centrality Time 3 0.02 0.07 -0.01 0.11* 0.18** -0.07 0.03 0.69** 0.02 -  
11 Friendship Degree Centrality Time 4 -0.04 -0.19** 0.09* 0.03 0.16** -0.02 0.79** 0.28** 0.60** 0.06 - 
12 Friendship Eigenvector Centrality Time 4 0.05 0.03 0.00 0.13** 0.24** 0.07 0.27** 0.76** 0.00 0.48** 0.34**
13 Task Degree Centrality Time 4 0.01 -0.18** 0.11* 0.09* 0.20** -0.11* 0.63** 0.14** 0.71** 0.05 0.83**
14 Task Eigenvector Centrality Time 4 0.10** 0.00 -0.04 0.12** 0.23** -0.03 0.08 0.58** -0.03 0.64** 0.13**
15 Friendship Degree Centrality Time 5 -0.02 -0.10* 0.08 0.03 0.14** -0.03 0.64** 0.22** 0.42** 0.06 0.82**
16 Friendship Eigenvector Centrality Time 5 0.06 0.05 0.04 0.15** 0.25** 0.05 0.24** 0.65** 0.00 0.48** 0.31**
17 Task Degree Centrality Time 5 0.01 -0.11* 0.09* 0.05 0.14** -0.09 0.55** 0.08* 0.51** 0.00 0.75**
18 Task Eigenvector Centrality Time 5 0.05 0.00 0.04 0.16** 0.22** 0.04 0.11** 0.52** 0.00 0.55** 0.16**
19 Friendship Degree Centrality Time 6 -0.03 0.01 0.09* 0.04 0.15** -0.09 0.49** 0.30** 0.34** 0.14** 0.66**
20 Friendship Eigenvector Centrality Time 6 0.01 0.01 0.06 0.20** 0.26** 0.08 0.25** 0.64** 0.05 0.48** 0.29**
21 Task Degree Centrality Time 6 -0.02 0.00 0.13** 0.07 0.17** -0.14* 0.41** 0.20** 0.43** 0.13** 0.60**
22 Task Eigenvector Centrality Time 6 0.01 0.03 0.08 0.22** 0.26** 0.03 0.14** 0.53** 0.06 0.57** 0.17**
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 Table 2 Continued. Correlations for 2-Level HLM 
 
Variables 12 13 14 15 16 17 18 19 20 21 22 
             
1 Gender            
2 Pre-t   est
est
-
-
-
           
3 Post-t              
4 Instructor Points            
5 Peer Points            
6 Physical Attractiveness            
7 Friendship Degree Centrality Time 3            
8 Friendship Eigenvector Centrality Time 3            
9 Task Degree Centrality Time 3            
10 Task Eigenvector Centrality Time 3            
11 Friendship Degree Centrality Time 4            
12 Friendship Eigenvector Centrality Time 4 -           
13 Task Degree Centrality Time 4 0.16** -          
14 Task Eigenvector Centrality Time 4 0.75** 0.08*          
15 Friendship Degree Centrality Time 5 0.27** 0.73** 0.12**         
16 Friendship Eigenvector Centrality Time 5 0.78** 0.16** 0.64** 0.28**        
17 Task Degree Centrality Time 5 0.12** 0.85**   0.06 0.91** 0.13** -      
18 Task Eigenvector Centrality Time 5 0.59** 0.13** 0.66** 0.14** 0.83** 0.10* -     
19 Friendship Degree Centrality Time 6 0.34** 0.62** 0.18** 0.82** 0.34** 0.80** 0.20** -    
20 Friendship Eigenvector Centrality Time 6 0.70** 0.15** 0.60** 0.31** 0.79** 0.16** 0.64** 0.35** -   
21 Task Degree Centrality Time 6 0.21** 0.70** 0.14** 0.76** 0.23** 0.86** 0.16** 0.93** 0.25** -  
22 Task Eigenvector Centrality Time 6 0.56** 0.13** 0.66** 0.22** 0.69** 0.15** 0.73** 0.26** 0.86** 0.24** - 
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Individual Level Analysis 
Hypothesis 1 
  It was hypothesized that physical attractiveness would positively influence 
subjective (Hypothesis 1a) and objective (Hypothesis 1b) performance ratings.  Physical 
attractiveness was only significantly related to objective performance ratings 1 out of 16 
times (Refer to Tables 3 through 6); however, physical attractiveness was significantly 
related to instructor points 11 out of 16 times and peer points 10 out of 16 times.  These 
results had more significant cases when eigenvector centrality was used.  Therefore, there 
was partial support that more physically attractive individuals receive higher ratings from 
instructors and their peers, but little to no support that physical attractiveness influences 
academic test scores.  Note that the researcher considered a hypothesis to be partially 
supported if more than 50% of values were significant.  Any values less than 50% were 
determined to have little to no support.  
 
Hypothesis 2 
 
 It was hypothesized that physical attractiveness would positively influence one’s 
centrality in friendship (Hypothesis 2a) and task networks (Hypothesis 2b).  Results 
indicate that physical attractiveness was significantly, positively related to friendship 
degree centrality, with a standardized HLM coefficient of 0.57 (p<.05), and task degree 
centrality, with a standardized HLM coefficient of 0.05 (p<.01) (Refer to Table 7).  
However, results using eigenvector centrality were not statistically significant.  
Therefore, Hypotheses 2a and 2b were partially supported.
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 Table 3. 2-Level HLM model with Friendship Degree Centrality 
 
Performance Time 3 Time 4 Time 5 Time 6 
 Raw Std. Raw Std. Raw Std. Raw Std.        
Post Test (Objective)         
        Gender - γ10 -0.84  -0.65  -0.82  -0.62  
 (1.05)  (1.05)  (1.06)  (1.01)  
         
        Physical Attractiveness - γ20 1.47  0.93  0.36  1.02  
 (2.23)  (1.55)  (1.16)  (0.93)  
         
        Centrality - γ30 1.27  1.72† 2.66 1.81* 3.47 1.97** 3.62 
 (1.23)  (1.12)  (0.78)  (0.70)  
         
        Centrality*Physical Attractiveness - γ40 -0.55† -3.09 -0.66* -4.16 -0.61** -4.04 0.70** 5.90 
 (0.37)  (0.32)  (0.21)  (0.19)  
         
Instructor Points (Subjective)         
        Gender - γ10 2.97* 0.21 2.97* 0.21 2.98* 0.21 3.14* 0.22 
 (1.37)  (1.34)  (1.35)  (1.34)  
         
        Physical Attractiveness - γ20 3.65† 0.56 1.46  1.96* 0.30 1.32** 0.20 
 (2.62)  (1.21)  (1.06)  (0.50)  
         
        Centrality - γ30 1.70† 2.73 1.38* 2.51 1.58* 3.57 0.90  
 (1.04)  (0.73)  (0.74)  (0.74)  
         
        Centrality*Physical Attractiveness - γ40 -0.47† -3.11 -0.30  -0.37† -2.89 -0.24  
 (0.30)  (0.25)  (0.23)  (0.24)  
         
Peer Points (Subjective)         
        Gender - γ10 2.66  3.04† 0.10 2.76  2.72  
 (2.28)  (2.29)  (2.36)  (2.28)  
         
        Physical Attractiveness - γ20 4.71  2.11  -2.37  4.79** 0.33 
 (5.49)  (4.13)  (2.27)  (1.72)  
         
        Centrality - γ30 4.19* 2.56 2.46† 2.01 0.97  1.75* 1.70 
 (2.46)  (1.82)  (1.41)  (0.95)  
         
        Centrality*Physical Attractiveness - γ40 -0.76  -0.45  0.15  -0.40† -1.79 
 (0.69)  (0.52)  (0.34)  (0.30)  
Note: † p<.10 
          * p<0.05 
        ** p<.01 
         Standard errors are in parentheses. 
         Gender: 0 = male, 1 = female 
         Raw refers to raw HLM coefficients. 
         Std. refers to standardized HLM coefficients. 
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Table 4. 2-Level HLM model with Friendship Eigenvector Centrality 
 
Performance Time 3 Time 4 Time 5 Time 6 
 Raw Std. Raw Std. Raw Std. Raw Std. 
Post Test (Objective)         
        Gender - γ10 -0.79  -0.67  -0.75  -0.76  
 (1.00)  (-1.07)  (1.06)  (1.04)  
         
        Physical Attractiveness - γ20 2.18  -1.09  -3.72* -0.48 0.35  
 (5.20)  (2.67)  (1.65)  (0.79)  
         
        Centrality - γ30 39.54  30.37  54.54  78.49  
 (94.70)  (87.01)  (88.75)  (79.88)  
         
        Centrality*Physical Attractiveness - γ40 -24.58  -23.14  -29.44  -34.74† -2.39 
 (27.04)  (24.23)  (24.44)  (22.10)  
         
Instructor Points (Subjective)         
        Gender - γ10 3.22* 0.23 3.14* 0.22 3.16* 0.22 3.11* 0.22 
 (1.35)  (1.34)  (1.37)  (1.37)  
         
        Physical Attractiveness - γ20 5.47** 0.84 3.92* 0.60 2.40† 0.37 2.06* 0.32 
 (2.17)  (2.26)  (1.45)  (0.96)  
         
        Centrality - γ30 118.18* 1.23 80.62  92.35  48.59  
 (68.20)  (70.43)  (79.39)  (58.55)  
         
        Centrality*Physical Attractiveness - γ40 -31.20† -1.62 -19.88  -24.56  -11.58  
 (21.03)  (22.04)  (25.12)  (17.82)  
         
Peer Points (Subjective)         
        Gender - γ10 3.48† 0.11 3.55† 0.11 3.17† 0.10 2.80  
 (2.41)  (2.42)  (2.40)  (2.33)  
         
        Physical Attractiveness - γ20 12.69* 0.88 10.14* 0.70 10.02* 0.69 8.78** 0.61 
 (6.06)  (4.81)  (4.38)  (2.13)  
         
        Centrality - γ30 162.09  43.37  21.22  20.70  
 (144.26)  (110.24)  (108.68)  (115.87)  
         
        Centrality*Physical Attractiveness - γ40 -44.90  -12.28  -5.77  -7.10  
 (47.26)  (34.38)  (36.03)  (34.34)  
Note: † p<.10 
          * p<0.05 
        ** p<.01 
         Standard errors are in parentheses. 
         Gender: 0 = male, 1 = female 
         Raw refers to raw HLM coefficients. 
         Std. refers to standardized HLM coefficients.
 Table 5. 2-Level HLM model with Task Degree Centrality 
 
Performance Time 3 Time 4 Time 5 Time 6 
 Raw Std. Raw Std. Raw Std. Raw Std.        
Post Test (Objective)         
        Gender - γ10 -1.24  -0.94  -0.94  -0.86  
 (1.05)  (1.11)  (1.09)  (1.01)  
         
        Physical Attractiveness - γ20 2.27  -1.09  0.57  1.23† 0.16 
 (4.65)  (1.65)  (2.09)  (0.75)  
         
        Centrality - γ30 2.01  1.25* 1.67 2.22** 4.08 2.17** 3.91 
 (1.66)  (0.66)  (0.95)  (0.88)  
         
        Centrality*Physical Attractiveness - γ40 -0.58  -0.35* -1.96 -0.65* -4.15 -0.73** -5.97 
 (0.53)  (0.15)  (0.27)  (0.25)  
         
Instructor Points (Subjective)         
        Gender - γ10 2.52* 0.18 2.56* 0.18 2.93* 0.21 3.01* 0.21 
 (1.33)  (1.32)  (1.35)  (1.33)  
         
        Physical Attractiveness - γ20 -0.12  1.06  -1.56  1.24** 0.19 
 (3.14)  (0.91)  (2.16)  (0.49)  
         
        Centrality - γ30 0.84  1.37* 2.16 0.48  0.89  
 (1.28)  (0.59)  (1.04)  (0.90)  
         
        Centrality*Physical Attractiveness - γ40 0.02  -0.18  0.02  -0.22  
 (0.38)  (0.16)  (0.33)  (0.29)  
         
Peer Points (Subjective)         
        Gender - γ10 1.26  1.66  2.02  2.21  
 (2.14)  (2.36)  (2.35)  (2.19)  
         
        Physical Attractiveness - γ20 3.20  2.64  -2.14  4.76* 0.33 
 (6.06)  (2.58)  (5.01)  (2.08)  
         
        Centrality - γ30 5.41* 3.31 3.72** 2.64 1.73  2.41* 2.30 
 (2.82)  (1.27)  (2.66)  (1.23)  
         
        Centrality*Physical Attractiveness - γ40 -0.55  -0.35  0.11  -0.47  
 (0.78)  (0.30)  (0.60)  (0.37)  
Note: † p<.10 
          * p<0.05 
        ** p<.01 
         Standard errors are in parentheses. 
         Gender: 0 = male, 1 = female 
         Raw refers to raw HLM coefficients. 
         Std. refers to standardized HLM coefficients.
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 Table 6. 2-Level HLM model with Task Eigenvector Centrality 
 
Performance Time 3 Time 4 Time 5 Time 6 
 Raw Std. Raw Std. Raw Std. Raw Std.        
Post Test (Objective)         
        Gender - γ10 -0.92  -0.67  -0.76  -0.80  
 (1.02)  (1.10)  (1.09)  (1.02)  
         
        Physical Attractiveness - γ20 0.84  -1.01  -1.40  0.32  
 (2.81)  (3.26)  (1.09)  (0.69)  
         
        Centrality - γ30 12.63  54.21  63.76  34.03  
 (104.18)  (74.81)  (93.97)  (79.01)  
         
        Centrality*Physical Attractiveness - γ40 -20.93  -30.67† -1.24 -31.76  -23.10  
 (30.40)  (20.78)  (26.88)  (21.73)  
         
Instructor Points (Subjective)         
        Gender - γ10 3.11* 0.22 3.03* 0.21 3.15* 0.22 3.03* 0.21 
 (1.30)  (1.36)  (1.34)  (1.37)  
         
        Physical Attractiveness - γ20 4.65** 0.71 3.24  2.83* 0.43 1.72* 0.26 
 (1.75)  (2.88)  (1.61)  (0.82)  
         
        Centrality - γ30 94.49†  80.62  51.30  24.74  
 (73.41)  (70.43)  (98.40)  (64.30)  
         
        Centrality*Physical Attractiveness - γ40 -24.12  -19.88  -12.28  -4.84  
 (23.13)  (22.04)  (30.97)  (20.11)  
         
Peer Points (Subjective)         
        Gender - γ10 3.55† 0.11 3.31† 0.11 3.36† 0.11 2.56  
 (2.41)  (2.31)  (2.36)  (2.30)  
         
        Physical Attractiveness - γ20 15.11* 1.04 15.45* 1.07 11.90* 0.82 8.72** 0.60 
 (6.51)  (6.51)  (4.81)  (2.10)  
         
        Centrality - γ30 238.64†  126.14  21.22  -1.40  
 (164.80)  (101.27)  (108.68)  (112.74)  
         
        Centrality*Physical Attractiveness - γ40 -66.11  -33.87  -5.77  -0.73  
 (52.47)  (31.78)  (36.03)  (33.54)  
Note: † p<.10 
          * p<0.05 
        ** p<.01 
         Standard errors are in parentheses. 
         Gender: 0 = male, 1 = female 
         Raw refers to raw HLM coefficients. 
         Std. refers to standardized HLM coefficients. 
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Table 7. 3-Level HLM model of the influence of Physical Attractiveness on 
Centrality, controlling for Gender, Group Size, and Density 
 
 
 
Centrality Friendship Degree Friendship Eigenvector Task Degree Task Eigenvector 
         
 Raw Standard Raw Standard Raw Standard Raw Standard        
 Note:   † p<.10 
         
Gender – γ01 7.82  0.13  10.34  0.12  
 (10.61)  (0.11)  (9.48)  (0.14)  
         
Physical Attractiveness – γ02 6.75* 0.57 0.02  6.20** 0.50 0.01  
 (2.82)  (0.04)  (2.23)  (0.06)  
             * p<.05 
           ** p<.01 
                Standard errors are in parentheses.  
                Gender: 0 = male, 1 = female. 
                Raw refers to raw HLM coefficients. 
                Standard refers to standardized HLM coefficients. 
 Hypothesis 3 
 It was hypothesized that centrality would positively influence objective 
(Hypothesis 3a) and subjective (Hypothesis 3b) performance ratings, as much previous 
social network literature has already supported.  Results partially indicate that higher 
degree centrality leads to higher scores on objective academic tests and subjective ratings 
from instructors and peers (Refer to Tables 3 through 6), but little to no support when 
eigenvector centrality was used in place of degree centrality.  Thus, Hypotheses 3a and 
3b are partially supported. 
 
Hypothesis 4a 
It was hypothesized that centrality in a friendship network would mediate the 
relationship between physical attractiveness and objective performance ratings.  Physical 
attractiveness and friendship degree centrality were not both significant at any times 
(Refer to Tables 3 and 4), which is a requirement of the Baron and Kenney causal steps 
for mediation (Kenny, 2008).  However, since the interaction terms were significant, it is 
possible that a mediation effect is present.  Refer to Table 8 for the results obtained from 
the Sobel Test Calculator for the Significance of Mediation (Soper, 2008).  When degree 
centrality was used as the mediator, the sobel test statistic was significant 3 out of 4 times 
(Times 4, 5 and 6); however, the sobel test statistic was not significant when eigenvector 
centrality was the mediator.  Therefore, there is partial support for this hypothesis. 
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 Hypothesis 4b 
It was hypothesized that centrality in a task network would mediate the 
relationship between physical attractiveness and objective performance ratings.  Physical 
attractiveness and task degree centrality were both significant at time 6; however, the two 
variables were not significant at any other times (Refer to Tables 5 and 6).  Refer to Table 
8 for the results obtained from the Sobel Test Calculator for the Significance of 
Mediation (Soper, 2008).  Similar to the results of Hypothesis 4a, when degree centrality 
was used as the mediator, the sobel test statistic was significant 3 out of 4 times (Times 4, 
5 and 6); however, the sobel test statistic was not significant when eigenvector centrality 
was the mediator.  Therefore, there is partial support for this hypothesis. 
 
Hypothesis 4c 
It was hypothesized that centrality in a friendship network would mediate the 
relationship between physical attractiveness and subjective performance ratings.  Physical 
attractiveness and friendship centrality were both significant 4 out of 16 times (Refer to 
Tables 3 and 4).  Refer to Table 8 for the results obtained from the Sobel Test Calculator 
for the Significance of Mediation (Soper, 2008).  When degree centrality was used as the 
mediator, the sobel test statistic was significant 5 out of 8 times; however, the sobel test 
statistic was not significant when eigenvector centrality was the mediator.  Therefore, 
there is little to partial support for this hypothesis. 
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 Hypothesis 4d 
 It was hypothesized that centrality in a task network would mediate the 
relationship between physical attractiveness and subjective performance ratings.  Physical 
attractiveness and centrality were both significant at time 6 for peer points (Refer to 
Tables 5 and 6).  Refer to Table 8 for the results obtained from the Sobel Test Calculator 
for the Significance of Mediation (Soper, 2008).  When degree centrality was used as the 
mediator, the sobel test statistic was significant 4 out of 8 times; however, the sobel test 
statistic was not significant when eigenvector centrality was the mediator.  Therefore, 
there is little to partial support for this hypothesis. 
 
Hypothesis 5a  
 It was hypothesized that physical attractiveness would moderate the relationship 
between centrality in a friendship network and objective performance ratings.  All four 
friendship degree centrality interaction terms, measured longitudinally across times 3 to 6 
were significant (Refer to Tables 3 and 4), and 1 of 4 eigenvector centrality interaction 
term was significant.  This suggests partial support for the presence of a moderating 
mechanism. 
 
Hypothesis 5b 
 It was hypothesized that physical attractiveness would moderate the relationship 
between centrality in a task network and objective performance ratings.  3 of 4 friendship 
degree centrality interaction terms and 1 of 4 eigenvector centrality interaction terms was 
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significant (Refer to Tables 5 and 6).  Therefore, there is partial support for the presence 
of moderation mechanism. 
 
Hypothesis 5c 
 It was hypothesized that physical attractiveness would moderate the relationship 
between centrality in a friendship network and subjective performance ratings.  3 of 8 
interaction terms in the degree centrality friendship networks were significant and 1 of 8 
terms was significant in the eigenvector centrality network (Refer to Tables 3 and 4); 
however, these were only significant for p<.10.  Thus, there is little to no support for this 
hypothesis. 
 
Hypothesis 5d 
 It was hypothesized that physical attractiveness would moderate the relationship 
between centrality in a task network and subjective performance ratings.  No interaction 
terms in the task networks (degree and eigenvector) were significant (Refer to Tables 5 
and 6); therefore, this hypothesis was not supported.  
 Since it is difficult to interpret interaction terms alone, the relationship between 
centrality and performance ratings for more attractive and less attractive individuals was 
plotted using ModGraph (Jose, 2003).  All significant interactions are displayed in Figure 
3, and they show an obvious trend that physical attractiveness is consistently attenuating 
the centrality × performance interacting relationship.
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Table 8. Sobel Test Statistics (STSs) 
 
Performance         Time 3              Time 4                     Time 5                       Time 6            
 Sobel Test Statistic Sobel Test Statistic Sobel Test Statistic Sobel Test Statistic 
     
Friendship Degree Centrality     
     
        Post Test (Objective) 0.95 1.29† 1.67* 1.82* 
     
        Instructor Points (Subjective) 1.35† 1.48† 1.59† 1.08 
     
        Peer Points (Subjective) 1.39† 1.18 0.66 1.46† 
     
Friendship Eigenvector Centrality     
     
        Post Test (Objective) 0.32 0.29 0.39 0.45 
     
        Instructor Points (Subjective) 0.48 0.46 0.46 0.43 
     
        Peer Points (Subjective) 0.46 0.31 0.18 0.17 
     
Task Degree Centrality     
     
        Post Test (Objective) 1.11 1.57† 1.79* 1.84* 
     
        Instructor Points (Subjective) 0.64 1.78* 0.46 0.93 
     
        Peer Points (Subjective) 1.58† 2.02* 0.63 1.60† 
     
Task Eigenvector Centrality     
     
        Post Test (Objective) 0.10 0.16 0.16 0.16 
     
        Instructor Points (Subjective) 0.17 0.16 0.16 0.15 
     
        Peer Points (Subjective) 0.17 0.17 0.13 -0.01 
Note: † p<.10 
          * p<.05 
        ** p<.01 
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Figure 3. Moderation by Physical Attractiveness 
 
50.00
55.00
60.00
65.00
70.00
75.00
80.00
85.00
90.00
low med high
Friendship Degree Centrality (Time 3)
O
bj
ec
tiv
e 
Pe
rf
or
m
an
ce
 R
at
in
g
Physical Attractiveness high med low
    
47.00
52.00
57.00
62.00
67.00
72.00
77.00
82.00
87.00
92.00
low med high
Friendship Degree Centrality (Time 4)
O
bj
ec
tiv
e 
Pe
rf
or
m
an
ce
 R
at
in
g
 
 
57.00
62.00
67.00
72.00
77.00
82.00
87.00
92.00
97.00
low med high
Friendship Degree Centrality (Time 5)
O
bj
ec
tiv
e 
Pe
rf
or
m
an
ce
 R
at
in
g
   
50.00
55.00
60.00
65.00
70.00
75.00
80.00
85.00
90.00
95.00
100.00
low med high
Friendship Degree Centrality (Time 6)
O
bj
ec
tiv
e 
Pe
rf
or
m
an
ce
 R
at
in
g
 
 
67.00
69.00
71.00
73.00
75.00
77.00
79.00
81.00
83.00
85.00
low med high
Friendship Eigenvector Centrality (Time 6)
O
bj
ec
tiv
e 
Pe
rf
or
m
an
ce
 R
at
in
g
    
0.50
1.50
2.50
3.50
4.50
5.50
6.50
low med high
Friendship Eigenvector Centrality (Time 3)
In
st
ru
ct
or
 P
oi
nt
s 
 
-5.00
0.00
5.00
10.00
15.00
20.00
low med high
Friendship Degree Centrality (Time 3)
In
st
ru
ct
or
 P
oi
nt
s 
     
0.00
5.00
10.00
15.00
20.00
25.00
low med high
Friendship Degree Centrality (Time 5)
In
st
ru
ct
or
 P
oi
nt
s 
 
 
 
 40 
Figure 3 cont.  Moderation by Physical Attractiveness 
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 In all of the plots, the three displayed lines were not parallel, which indicates a 
statistical moderating interaction (Jose, 2003).  This is further supported by the 
statistically significant gammas for the interaction variables shown in Tables 3 through 6 
above.  The diagrams in Figure 3 show that, in general, physical attractiveness has a 
negative effect on the relationship between centrality and objective and subjective 
performance.  This suggests that for the individuals who are less physically attractive, 
their centrality should help them with performance, while those who are more physically 
attractive may be hindered by their centrality and its effect on performance.  However, a 
couple of diagrams for subjective performance ratings indicate that for less physically 
attractive individuals, the relationship between centrality and subjective performance is 
much stronger than that of more physically attractive individuals (Instructor Points at 
Time 5 and Peer Points at Time 6).  In other words, the members’ physical attractiveness 
is a non-issue since it does not help and does not hurt subjective performance points; the 
member would receive these points either way. 
Table 9 summarizes the results of the proposed hypotheses. 
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Table 9.  Hypotheses Support Summary Table 
 
Hypothesis  Significant 
#  
Degree 
Centrality 
% 
Significant 
Degree 
Centrality 
Significant 
# 
Eigenvector 
Centrality 
% 
Significant 
Eigenvector 
Centrality 
Support? 
1a. Controlling for gender, physical attractiveness is positively 
related to subjective performance ratings. 
Instructor Points: 
Peer Points: 
4/8 
2/8 
50% 
25% 
7/8 
8/8 
87.5% 
100% 
Partial 
1b. Controlling for gender, physical attractiveness is positively 
related to objective performance ratings. 
 1/8 12.5% 1/8 12.5% Little to 
No 
2a. Controlling for gender, physical attractiveness is positively 
related to centrality in a friendship network. 
 1/1 100% 0/1 0% Partial 
2b. Controlling for gender, physical attractiveness is positively 
related to centrality in a task network. 
 1/1 100% 0/1 0% Partial 
3a. Social network centrality is positively related to objective 
individual performance ratings. 
 6/8 75% 0/8 0% Partial 
3b. Social network centrality is positively related to subjective 
individual performance ratings. 
Instructor Points: 
Peer Points: 
4/8 
6/8 
50% 
75% 
2/8 
1/8 
25% 
12.5% 
Partial 
4a. Network centrality in friendship networks mediates the 
relationship between physical attractiveness and objective 
performance ratings. 
 3/4 75% 0/4 0% Partial 
4b. Network centrality in task networks mediates the relationship 
between physical attractiveness and objective performance ratings. 
 3/4 75% 0/4 0% Partial 
4c. Network centrality in friendship networks mediates the 
relationship between physical attractiveness and subjective 
performance ratings. 
Instructor Points: 
Peer Points: 
3/4 
2/4 
75% 
50% 
0/4 
0/4 
0% 
0% 
Little to 
Partial 
4d. Network centrality in task networks mediates the relationship 
between physical attractiveness and subjective performance 
ratings. 
Instructor Points: 
Peer Points: 
1/4 
3/4 
25% 
75% 
0/4 
0/4 
0% 
0% 
Little to 
Partial 
5a. Physical attractiveness moderates the relationship between 
network centrality in friendship networks and objective 
performance ratings. 
 4/4 100% 1/4 25% Partial 
5b. Physical attractiveness moderates the relationship between 
network centrality in task networks and objective performance 
ratings. 
 3/4 75% 1/4 25% Partial 
5c. Physical attractiveness moderates the relationship between 
network centrality in friendship networks and subjective 
performance ratings. 
Instructor Points: 
Peer Points: 
2/4 
1/4 
50% 
25% 
1/4 
0/4 
25% 
0% 
Little to 
No 
5d. Physical attractiveness moderates the relationship between 
network centrality in task networks and subjective performance 
ratings. 
Instructor Points: 
Peer Points: 
0/4 
0/4 
0% 
0% 
0/4 
0/4 
0% 
0% 
No 
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 V. Discussion 
 The purpose of this research was to identify the effect of an individual’s physical 
attractiveness on social network location and individual performance.  Specifically, this 
study introduced a mediation and moderation model to capture the complex interacting 
nature between the two variables, and all five hypotheses were at least partially 
supported.  Results indicate that more physically attractive individuals received higher 
ratings from instructors and their peers (Hypothesis 1a), but there was no indication that 
physical attractiveness influences academic test scores (Hypothesis 1b).  Physical 
attractiveness positively influences a members centrality in a friendship (Hypothesis 2a) 
and task network (Hypothesis 2b) for degree centrality but not eigenvector centrality.  
Centrality was shown to positively influence objective (Hypothesis 3a) and subjective 
(Hypothesis 3b) performance ratings for degree centrality but not eigenvector centrality.   
 Mediation implies a causal sequence among physical attractiveness, centrality, 
and performance.  In other words, an indirect effect would indicate that physical 
attractiveness influences centrality, and centrality influences performance.  A sobel test 
was used to determine the significance of the indirect effect, and results partially indicate 
that centrality in both a friendship (Hypothesis 4a) and task network (Hypothesis 4b) 
would mediate the relationship between physical attractiveness and objective 
performance ratings for degree centrality but not eigenvector centrality.  Additionally, 
results show little to partial support that centrality in both a friendship (Hypothesis 4c) 
and task network (Hypothesis 4d) would mediate the relationship between physical 
attractiveness and subjective performance ratings for degree centrality but not eigenvector 
centrality. 
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  Moderation means that the effect of centrality on performance would depend on 
physical attractiveness.  Results partially indicate that physical attractiveness would 
moderate the relationship between centrality in a friendship network and objective 
(Hypothesis 5a) and subjective (Hypothesis 5b) performance ratings.  The presence of a 
moderating mechanism was stronger for degree centrality than eigenvector centrality.  
Additionally, results show little support that physical attractiveness would moderate the 
relationship between centrality in a friendship network and subjective performance 
ratings (Hypothesis 5c), and there is no support that physical attractiveness would 
moderate the relationship between centrality in a task network and subjective 
performance ratings (Hypothesis 5d). 
 Closer examination of the moderation models presented in Figure 3 allows for 
possible speculation into the causes of certain trends.  The diagram of Objective 
Performance Ratings versus Friendship Degree Centrality (Time 3) shows all three lines 
having negative slopes.  This indicates that as a members’ centrality increased, objective 
multiple choice test score decreased, regardless of physical attractiveness.  However, this 
effect was greater for more physically attractive individuals.  This could indicate that 
more physically attractive individuals received more attention from their peers and more 
peers.  This translates into more time spent interacting, which takes time away from 
studying.   
 The plot of Instructor Points versus Friendship Degree Centrality (Time 3) shows 
the slope of the line for less attractive individuals is positive, while the slope of the line 
for more attractive individuals is negative.  This indicates that physical attractiveness 
changes the direction of the relationship between centrality and objective performance 
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 ratings.  The negative line for attractive individuals could be caused because an 
instructor’s perception of that member’s centrality being a result of good looks only, and, 
therefore, undeserved.  Conversely, the positive line for less attractive individuals could 
indicate that the flight instructors viewed them as more deserving of their central 
positions since they were able to achieve these powerful positions despite their low 
attractiveness.  This would indicate that something else, such as extroversion, charisma, 
or intelligence, caused their success. 
 The diagram for Peer Points versus Friendship Degree Centrality (Time 6) shows 
all three lines having positive slopes.  This indicates that an individual will receive points 
from his or her peers regardless of physical attractiveness.  Perhaps in an academic 
environment, physical attractiveness is a non-factor because these individuals want to 
judge others solely on how they perform, since that is how they would want to be judged 
by others.   
 A particularly interesting trend to note is the discrepancies between degree and 
eigenvector centrality, which can be seen in Tables 3 through 8 and Figure 3.  
Specifically, in Tables 3 through 6, the interaction term (Centrality × Physical 
Attractiveness) was more significant a greater number of times for degree centrality than 
eigenvector centrality for both friendship and task networks.  Similarly, in Table 7, 
physical attractiveness is significant for degree centrality but not eigenvector centrality, 
and in Table 8, the sobel test statistics were often significant for degree centrality, but 
were not significant for eigenvector centrality at all.  Likewise, the diagrams in Figure 3, 
look different for degree centrality at a particular time versus eigenvector centrality.  For 
example, the plots of Objective Performance Ratings versus Task Centrality (Time 4) 
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 have different trend lines for degree and eigenvector centrality.  This could be due to the 
instability of eigenvector centrality across different sample sizes, as studied by 
Costenbader and Valente (2003).  In their study, Costenbader and Valente (2003) 
examined the correlations between the actual network and the sampled networks using 
several different centrality measures.  Additionally, they discovered that in-degree 
centrality consistently had higher correlations than other types of centrality, such as 
eigenvector.  Since the response rate in this study was not 100%, the eigenvector 
centrality results may be skewed. 
 Another interesting result indicates that for both degree and eigenvector centrality 
in both types of networks (friend and task), women received higher performance ratings 
from their instructors (Refer to Tables 3 through 6), and in almost all tests gender was 
significant.  This result is rather surprising since, in a military environment, when there is 
less variation in appearance among members (as cited in Mueller & Mazur, 1997), 
women are not as free as women in corporate organizations to present a feminine image 
because of regulations that encourage uniformity.  In fact, research has shown that less 
attractive women have more advantages than attractive women in jobs that are 
traditionally thought to be for men, such as the military (Drogosz & Levy, 1996; Chia, 
Allred, Grossnickle, & Lee, 1998).  However, the higher performance ratings from 
instructors could be due to the fact that attractiveness is a quality that has been shown to 
be more valued in females than males (Mulford et al., 1998; Kanazawa & Kovar, 2004; 
Singh, 2004; Horsten & Blevins, 2002; Wiederman & Hurst, 1998).  Furthermore, 
women may have an advantage over men due to their recognition of the importance of 
looks (Tahmincioglu, 2007).  Of course, another plausible explanation for the women 
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 receiving higher ratings from their instructors is that they actually were better performers 
than the men in this academic environment. 
 
Limitations 
 The biggest limitation in this study is the use of a self-reported physical 
attractiveness instrument.  First, most measures that use self-reported physical 
attractiveness scales are actually measuring personality characteristics, such as narcissism 
and self-esteem (Gabriel, 1994; Longo & Ashmore, 1995), and not actual physical 
attractiveness.  Second, although physical attractiveness is often used when making initial 
judgments and perceptions about people (Umberson & Hughes, 1987), for this study, the 
physical attractiveness scale was included at the end of the last survey on week 7.  In a 
professional environment, where members expect to be rated solely on their job 
performance, physical attractiveness could be perceived as superficial or irrelevant.  This 
was confirmed by editorial comments provided by respondents in the survey margins, 
which, in general, read, “I don’t think these are appropriate questions for a team 
performing environment.”  Additionally, survey fatigue appeared to heighten this effect, 
as made evident by only 247 of the original 406 students responding to the measure, 
yielding a response rate of 60.84%.  Third, since attractiveness is seen as a socially 
desirable personal attribute, especially for women (Longo & Ashmore, 1995; Mulford et 
al., 1998; Swami et al., 2007), the potential exists for self-reporting bias.  In fact, research 
has shown that subjects tend to rate themselves higher than they would rate others 
(Mulford et al., 1998), with men giving themselves higher ratings than females (Mulford 
et al., 1998).  Furthermore, if less attractive individuals were offended by the scale, 
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 attractive people may be over represented in the sample, thus creating range restriction 
caused by systematic non-response.  However, considering the sensitive nature of the 
variable and the measures used, researchers decided to measure physical attractiveness at 
the end of the study to avoid any negative perceptions of the instrument, which could 
have effected subsequent measures. 
 
Suggestions for Future Research 
 First, a similar study could be administered in the exact same environment; 
however, instead of using a self-rated physical attractiveness scale, another measure 
could be used.  For example, multiple members could rate their peers’ attractiveness.  
Furthermore, future research could span a more diversified sample, such as non-military 
and ages (starting at age 18).  Physical attractiveness may have a greater effect on a 
younger, non-uniformed, group of civilians.  This leads to the possibility of a similar 
study being conducted outside of an academic environment.  Finally, perhaps the nine 
items of the physical attractiveness scale would be more appropriate in an every day 
working environment, where groups are not as bounded and performance is measured for 
longer than 6 weeks.  This would allow researchers to study the relationships between 
physical attractiveness, social network location, and performance in a more natural 
environment.    
 
Conclusion 
 This research studied how an individual’s physical attractiveness influenced 
social network location and objective and subjective performance ratings.  Military 
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 members can use these findings to better understand the pivotal role that physical 
attractiveness plays in their environment.  Additionally, members who are more 
physically attractive than others, or at least think they are, could strategically use their 
looks to their advantage to acquire a central social network position, increasing their 
chances of better performance. 
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